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Abstract of JP2001 068485 

PROBLEM TO BE SOLVED: To provide a method of 
growing ZnO crystal of favorable quality by reducing 
defects of ZnO crystal grown on a sapphire substrate 
with respect to ZnO crystal, a method of growing the 
same and a semiconductor device using the same. 
SOLUTION: This method includes steps of growing a 
low temperature growth ZnO layer 101 on a sapphire 
substrate S at a temperature lower than that for 
growing single crystal ZnO, thermally treating the low 
temperature growth ZnO layer at a temperature about 
the same as the growth temperature of a high 
temperature growth single crystal ZnO, which is higher 
than that of the low temperature growth ZnO and 
growing the high temperature growth single crystal 
ZnO layer 105 on the low temperature growth ZnO 
layer at a temperature higher than the growth 
temperature of the low temperature growth single 
crystal ZnO. 
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[SSjg] Z nOifeS. *©JSfeB*ttRC«-*i4ffl(,»fc 
OteSOteSXR6*{SjlS U AffttZn Ott A£l$ft-r 

SJgJ: 0 6&>flj£-C{&fii$SZ n OJB*fiSfi-i-*I« 
£ . mitf&umS;Z n 0©j&gfig<fc •) bm^Uf&m 

gZ n 0JI*JIWi!HlT4X«i. mfffiffiSfiXSZ n OB 
±fC, IriEiS&JifcESMiSiiZ n 0©)&BSfi<i: 0 4>iSl> 
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c»#« i ] yyr -fif»a«±cc. mm&z n o©># 

Si. 

nz nog©fiS«ia,K<bi5iaK©?aK-citriaista^sz 

nOJfSr&MaiT&Ifii, 

WieffiS^gZ n OB±«:. BfrlB<gSs£S^*S^ Z n O 
©J&Siag J: D 4>W^SS-CiSSSfiSg*ttSZ n OI4 
fiSR-T 5ISi *$tf Z n 0*Sfi©J**;frft. 10 

[»#*2 ] mrtafisfissz n omzmm?&JM 

2 0 0 -C#>6 6 0 0 °C©P^©SS-CZ n 03i*SII£jjX:g 

■r sifir asm^ i ibis© z n oMsoMm 
[ 3 ] mfgfiiSiafiSgmtes zno ©j&sias t 
^ecsar-HufBteia^sz n ozmmm-rzjM 

tt> 6 0 0 'C#>6 8 0 0 -C$T©fi^-C. 2 #lffl*»6 6 

0 ftfflomasmz'n 5 n-cs. sauta 1 * fc» 2 ccia 

«8<DZnO«8ft©fiS**j*. 

[»#*B4 ] fJfafififiSSZ n OJBfcJSRfi-TSIEB 20 
». 

Zn'b *tt*fl=r»tBRS-r Slflf frZWim 1 
63 $-e©t,>-f tt#>«:IBiS©Z n OiS^©SSS^& 

ZnOSmiSSJii. 

mFfaffiSJ&gZ n 0*Bfa»±{c»j*3*ifciBHa)iSSZ 
n o*e^Ji i Z n otirftttft. 
[fS3ftB 6 ] tttft£&J&£Z n 0*lilW«. 6 0 0 
■CJ:»)fcfil>»*'rZnO*J(RfiL.fc)iT?*»). 30 

B?§aiSfij&6z n o^teiuiy:. Btrieea^sz n on 

<J:9 4>ig<#>o8 0 0 *C«fc *) fefi^SS-CfiSSL'/cH-C 
S>£«5fcgi 5 (CfBig© Z n OtegflBg. 
[»*17 ] mrlBffiS^SZ n OIUSiMOJVStt. 

1 0*^6 1 0 0 nm-C&£flWc]15X«6CCfaiS©Z n 

otenftji. 

[»*«8] i£l!i§^gZnO¥ggM«. GaX 
tiA 1 * h--f>^bfcnS©#itt^T5Zn0i 
■C*SfS^5*>6 7 *-C©t<=>-rn*HCfB«S©Z nOte 
Hrlf aS. 40 

[»*?I9] manffiAfizno^iSAJia. n*k 
- 1- > y l p 3>©i»mtt £W-r z n o is r* sti* 
3S5*>e» 8 s-c©^-rn*HciBtg©z n o*gjy»3g. 

ZnOfSSli, 

R<£S/£gZ n 0#M B s B Jl±^ff^§iafcigfi^gZ n 

omm&m 

HulBi^fi^fiZ n 0¥teHJS«, GaXiiA 1 £ K-fcf 
>^L./cnS!©«S14*W-rSZ nOJli. N£ K-fcT 50 
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[0 0 0 1] 

[|EW©JlT£ir*#Sf] *»Wtt. ZnOSS, ^© 

So 

[0 00 2] 

[fi£3fc©&ffi] ee3fe. ZnOB. RS (^*Ml/V- 
X) -MBEffi*fflt»rt»-7T^+'»«±K:iS«)sR«S 
■a-rc^/Co ZnWDV-XiltB, K-feJU (:?*- h* 
•fe>-fe;U) cf"©Z nffl©@ttV-X5rffltsSo OfflOV 

[0003]f(C. RFI:lUfcRF-MBESB, iS 
Sl^-Xi. fife— m&JIZ&mWl (1 3. 56MHz) 

X-ZS>Z> O, tfX ^A-T 3 C £ CC J; <0 O 7 

U 0-7^*;U©tr-AiftS. 0-5-^*JU©t*-A£ 
K-k->l/*><E>©Z n©b*-A£-tJ- 7 r •HS$LHcp)B$&c 
JHSf-TSCiKJ:'?. ZnO«g|©jfcS*tT5. 
[0 00 4] I ]-VII^($0^©l-5-C*5Z 
nO£fflt,>-C p-ng^ifLED (Light 
Emitting Diode) HD (Laser 
D i ode) fOfIMI?;Milf5Ci*5tSS„ 

[0005] LED^LDm<D¥mfrmm*ffitit?z>¥ 
£#*3o ^«<*^^ti^-r-2»*i»^ife B 3 B Wf4©ite B 3 B 

[0 00 6] 

[&|I§j&*)S?&LJ:5 tf-SiSffi] S£*ORS (r^*^ 

g3 -tf/c Z n OttACCi*. ^C©J; 5 tcmUMfi* r>1t. 
-r%*3%. t7r-ffifiiZnOtO^S©I 
(tS^CSXVy^ljl 8%) *SA#C»„ JJO^-C 
M#©«5g#^c4>2. 6fg£l^A*^^??fi-r 
£o 

[0 00 7] fiJMOZn OteH^CCtt^ < ©MH^fiS 

[0 00 8] S84C1f7T (00 0 1 ) SS±(C. 
Z n O (000 2) te H a B * mmi&m S -ttfcli^© . Z n 
OteH©XRC (XMn? -7) ffiici-sa'J^ 

ZnOeSIJ, RS-MBESCCiOlSS 
iaS: Tg = 650 , C, Zn©M: P„= 1 x 1 0"' 
To r r t mm<DffiS.: O, = 2 SCCM, RFU 
^: 30 0W©^WSL-fc. 
[0 0 0 9 ] XRC©««£i|&I?l£<&£<!:, Omega* 



(3) 

3 

17. b&ttftfcv-zft&im'rzmziEimiuv® 

M&mmZtltCo ¥fififl (FWHM) «0. 5° (18 
OOarcsec) t^^:U^Ltc 0 0 8(D$'J©!& 

[0 0 1 0] 09 SC, JitBO^mcfc^Tj&gLfcZn 
0$§iH£:. P L ( P^h o t o L^u m i n e s e n c 

e) •mc^^m^Ltc^^TTs'r. mmi*. plows* 
o. 3 ev) £«tf-grr& 0 mmmtmm^t 

[00 1 1] x+M-iltl. 8eV3Ep6 2. 7e 

< ©taMOBaWSfiErSC i*5%«r s. 
[0012] *7 T-f+Sfeh«:«fi 20 

[0013] #fHH©ffi©BWtt* If 7 r +*«Lbtt: 

«-rsc<hr*s B 

[0 0 14] 

tfii^as-cisaistfiZnoiiiJsdEfi-r-sxgi. Suia 

ffiflcSZ n OGHSfifflKJ: 0 6iKl>ff&J$5#tSAZ 30 
n Om<Dj£&&&tmm&<DUmxffl&iBM!&&Z n o 
M£j^Mrr&XfI<fc, 1i5fEffifi/&6ZnOJI±$c, fu 
SBffiSJiKfi^iSAZ n OOSEfiififly: 0 feWl^fflRrW 
»«Efi*liflZnOli*JSS*rSXS4*dtoZnOIS 
BOflEfi* j**sSWt 2 ft * o 
[0015] 

[ooi6]« 4 *K*«*6c*jiirje«sfts r<g® 

JSRfiZnOCDfiKfiSKj «l*.«2 0 0 °C^6 6 0 40 

0"Ggft(D, -fla^tCZnO#MA^^S-r^/c^(Difg 

fijSfi©jaK<fc hioo *c*6 4 o o •ceaagoais 

<, *v*3 % 8 0 0 8 C<J:0 fefit^fifiT&O , Witf 6 5 

o°c-c&&o 

[0 0 17] H1^6tg3*r*#«RU-C, 

-ojWiojiaBKj:* i i -v imt&tomm#t&&<D 
fiSfi**6*wwr4. so 
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[ 0 0 1 8 ] m IK I I -V I ^b^^«^MB B BC0^ 

- (RS-MBE) &*flil>fcl&aajBW (JHT r R 
S-MBESgBj tl^ 0 ) *7jVr o 
[0 0 19] RS-MBEglA^ ISAflEfi#firfcft 

*>:/P££#t? 0 

[0 020] ?t>AUt Z n£^JRI£tf &/c#)(DZ 
nffltf- h 1 1 0?l>X)l>&m&-?2>tcSb(DO?zs 

h 2 1 <fc v N^^^;u*RSWT6/ca?>cDN^^ 

h 3 1 <t£^t? 0 
[0 02 1 ] Znffl^F lltt, Zn (*$jg7N) M 

mi s&timr&ttbtciim • hi»3«*jk- fe> 

t;KKnudsen cell: fiTFK-fe-rt/<!:P¥ 

[0022] o h2i», iilteifrt 

«c«»^r**iWit/^**AU, i«S« (13.5 
6MHz) *ffll>T£jSl/fcO^#;U*, MBEft 

7**S a #R6*6ftTC»5. 

[002 3 ] N7^W- h31tt Jfc««ft*Srt 
CcM»#^ , C*SffiR^**AL--*»* (13.5 
6MHz) *fflC»T^JSRLft:N^^*iU*, MBE^t 

[0 02 4] ^ h 2 1 , 31 CD*gi§£ 

WB^-iU F«rtK«W6ftrc»S*lc«»©5MH«c 
W»3-f;l/3W«*ftri»S«»'C*S. 
[0 02 5] 1 ftfCtt, feBSRfi©T*fti&* 

;u 3 £ finfrf s fc»<D t - * 3 a <t 6 ftr c > 
[0026] f t>^nt isi/cg a B H i«^^y 

>^T*fc»fcKW6ftfcSI« J Mra««Bl (RHE 
EDM) (D#>4 1 iRHEED»I©X^'J->5 
5i4^ B RHEED8S©^>4 1<bRHEED« 
g(DX^^>5 5i^:fflC^, MB E$|gAF*3TCDfj& 

V>#btZ#b&Sk&fr i >C tit-Vis 2> Q 
[0 02 7 ] IfiAAfioaft. &AJ£fiR<DJV3 , * + 

So 

[0 0 2 8]«T*C, If? W^S«S±K, ZnO* 

jifcfi-fixgccoor, i$»ctSHj-rSo 

[0 029] ttAASKR S -MBEflBc J: 0 2/+ v Z 
-S 1 *6S 1 *«ttPIH! , r*Ci«:J:0ff 5. 

[0 03 0] ^t?*JH/V-^*«*Sl*4]l6rffiiLrr 
tt, RF^rfflCi/cRF - MBEffi^6tl4. 13. 
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5 6MHz©S5H«*ffl^r v J»«ffiSMt«WCCM*4^ 
O , St^AT £ C £ tc<fc 0 O 5 ^ * JU*^dW 
& 0 07^*^*«*SKI8OMB E ^ + IrtCC 

[0 0 3 1 ] ^KO»fficJ:S$i(t;tlft4l 

[0 03 2 ] 1f7y Yir (0 0 0 1 ) K«S±K:, Zn 10 
O^^7r-B10 1^RE^ /^77-il0 1O 
±CC Z n OO^ttSAJI 1 0 5 &mi8 l '?Z> e 

[0 0 3 3 ] tTRt, ±1302 ©«JB*ft«TSfc«>© 

[0 034] £lT\ ■F7T-f+K«S±K:, ffil^gg 
fir, *oZn U y^©*mc*yiiTZnO*J5SSSl* 
& 0 WR7^*;l/*JH«b^tt«r, ZnO*¥ISAisJE 

iasisznoi^wwtt&c cncc<tD^y7 20 

rHil 0 lWlftSSft*. *CD±{CZnO«e»ll 

0 5*«*r*. 

[0 03 5] Ay77-B101B, ^^r^i-ates 
i'Zn O^tSAII 1 0 5 i©iHo»^sa»o^#a:m 
k ear & te^Mi^ temmmmsLomt zmm 

U Cti6«CjBH , r«ZnO*tSa»l 0 5*^CD2* 

[003 6] 036C, AFMS (Atomic For 
ce Microscopy) &Ct<fc ^WSA^cZ n O 
a'-;77-110 1 ©affi!K88«r^"r. 30 

[003 7] M3 (a) BZn V v ^(O^mOs^Xf^ 

&$i*tcm&<D'*v7T-mi 0 Kommz. H3 
( b ) »o y v ?<D^mcj6\,>xf8 t &z&tcm£<D^ * 

[003 8] Zn'J^©Zn OISSi«. Z n O,., 

[0 0 3 9 ] ZnOO^-;77-ll Ol^Zn'J^ 
/&53#/cig^£Jt'*TZ nO/<777-i 1 0 10S 40 

[0 04 0] «T«C. <fc 0B*ttttAJ»fi#ffi*5Vr. 
[004 1]if77-/fI«S© (000 1 ) 1^ 1 

1 0 o C(,mmi>tcH 3 PO< : H 2 SO«= 1 : 3©»»* 

[0042] ±8s©*ffijaffl*?f o^a. ^ y r >r^s 

«S£S«*;uy-3 (H 1 ) tcjerr*. 50 
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[0 043] S«iS®55 0°C\ BS©«142SCC 
M, RF/W-^15 0W(DMTt\ 
te^r 1 Ml f 7 7XvjcJ:^SIffl^fo/£: e M 

[0044] ±BB©a«*ffi«ia©a, $f^^ 7 - 

1101 *J5fcfiTa. SSQ4M5AZ n OSfi<DJ$£& 
friS4 0fifl*oZ n y **©^Tr(DJSfcfi*tf 5 
(liMIZnOI) a Zn(Dt-A»t 2. 7x1 
0- 7 Torrt^^ 

[0 04 5] KjRtT-A©fitt&W<bLrO(DRF^X 

S6N) ^^iAU, J»J«»»aHI[l*«l*r^^*>b 

[0 0 4 6 3 ^fxy-^r*SBBR©«R*», * + 
-rt©»3R©dffiUrSK*l. 5SCCM^T5 
x 1 O" 5 Torr, RF^7-«3 0 0Wr*S. /£ 
&&m* 3 0 0 °C2p 6 6 0 0 'CCD^H-Cif 5 . KvVy 
-M<DBfr£LXte. 10^6 10 0nm<Z)li^ 

[0 04 7] CCt t ±ffi©ffi;fc<Dffira* Si^;^- 
fig (J&S&S) CtlR9ttttfc:3S~hV ^>y-^ofg 

[0 04 8] 04 8fifigTg^6 5 0 °C<h L/cJ# 

^<DZncD#JI (Pz n) ±J0ES»ff £©M«*7jVr. 
N 2 <D#JE£2 SCCM. RF[HM3 00Wil/c o 
Zn<D#JI£l. 3 x 1 0" 7 To r rfrt>2. 7x10 

" 7 T o r r grafts tf/c. 
[0049] Zn(D»E*l. 3xl0" 7 Torr^6 
2. 1 5 x l 0" 7 T o r r &xmiM2#Z>£, ZnO(D 

jSSii^i, 0. 10/zm/hr^60. 2 6/im/h 
r*rtitt!T^o ZnC0^JE^2. 15xiO" 7 Tor 
r#>62. 7xiO- 7 Torr$r©Iit(DZnO(D 

J&gjljg^ 0. 26/im/hr^O. 2 7/im/h 
r SKi ««— £©ffi*^T. 

[0 05 0] (SfiRjfil/cZ n O^^ 7 7 -l*ffifil 

5 0 -Ctefcor 2#HW>6 6 0^Pa*tOH©iMI4 
tT^o ffil>J«SSKrj3tS€:»AytffiiaflESZnO^<^ 

i^n^ ^cc*oyu-r>Mcr)tfifWc|aHbrAFM 

[0 05 1 ] figUSSZ n O^' ^ ^ TMK±&<Dmm 

-f > V A XifiXSMt U t«^¥Sftt 6 6 © <b h 
tiZ> 0 

[0052]4S«czny? * fcW^K: 
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- JKD _h*C]gfiT Z n O Ji£ J&fiT £ i , 

[ 0 0 5 3 ] ft, fiSJ&gZ n OJl^J&gir&Sgtf, 
2 0 0°C#>6 6 0 0°C(Z)P H 1^^ 

[0 0 5 4] {SSJ&gZnO^* ^rJM^, J&gL/c* 
£ (as-grown) OtfcHrte^W >tMX#/h 
$<feW^SS^^n^/c^, AFMH^-C^^f^CDJ: 10 

[0 0 5 5 ] CCDmmt, GaN^ZnOTCDJ&SCCfc 

¥ia-C^C^ZnOaoi±^#*SSZn0^gLJ: 
5£LTfc, SILL ^(Dfe B B 9 ^&m<^6^:^ e 
[0 05 6] ^^-Cfiflfl; U/cffiffigZ n O^' 7 7 
Ji±te Z n OCDi^Ji, (iffifiZ n O^iUS) Zf& 20 

[0057] mmume 5 0 °c, z n (7 

N) CDfc:'-A-fi8. 0xi0- 5 Torr^5 fl 
MiLtS12. OSCCMJCfcl^8xiO- 5 T 
orr, RF^9-«3 0 0W"C&l> o 
[0 058] J&fiU/ciffiSJ&BZ n O^^gcD^^^ 
1 p,mX$>Z> 0 

[ 0 0 5 9 ] ft, i^MSZ n 0*«^Jl<D^S^fr<h 
6 0 0 °C^6 8 0 0 0 C<Dfl8CD*&ffiT\ 2 ^Pal^ 
£>6 0ftffi(Df&g:Zft>?<D&H£ lOo 30 

[0 060] ±IBCD^ff^^;S$^/ciS^<DiiJS^SZ 
n O^SHJlCDMB^ttM^tf o/c 0 

[006 1 JH5B. XRCtCj;6iEMm5 e 

[0 06 2] 17. 3 5° iilOiitJ 

£As£mCV$>Z> 0 ¥mm&. O. 0 6° (2 16ar 

c s ec) r&£ 0 S8tc^^n£^(D^frr^so 

ZcJS^OZnOCD^WI (0. 5° ) £tb®ZLX % 

Z n Om&&mZf&&LtcC±t,C <fc£^&l&fiZ n o# 
[0 06 3] 06tt, ±feOZnO#IS 0 9 B iOPLX-< 
[0 0 6 4]xW-3, 3 5 9 e VCCgR>f-^# 

il«'J£ft/c 0 (5iSSfiZnOA'^7-l^i«ir 
ScgU/cZnO^BlOiS^C (S9) tl$'J3ftfcl. 
8 e V2»6 2. 7 e VttmcfrVX<D#?g(<C7 f v- F& 
tf-^3W«»3*iai». CWi, Z n Og<D^$fJ^CC 

#SEf * 6 ©a***®* u fc c <t «c ^ & 4> <d so 
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tffiZtiZ. ZnOM H W©f4OT^«b, ISAtt 
[0 06 5] Z n OlSWtHC^ < ©ttftfc«#a*A3 ft 

■c^^cp m<Dmm&*m? zno s c t & nj 

A«cffiM2ft£/c#>, »36»* W<JQ:ofc*> 

[0 06 6] LtN* F-f>^L/cZnO^ 

pMfSftiltffl^, GaK-^OZnO*na*» 
fti lt«0/cp - n«^y-t- F^tfL E D (L 

i ght E_m i t t i n fir D_i ode) ^^M^h 
C£&vjmx&2> e 

[0 06 7] ^7&C, NK^OZnO*pS*i*4 
Ga K-^ZnO^n^iftilt^ 
/cp-ng^-t- K4ttfLED (Light E_ 
mitting D^i ode) CDKrffi^i§^r^^"o 

[OO68]07^nED^ 1i*7 7^7lS3 0 

1 *©±*Cffifflj&BSft/dS3 100nm(Dy>P 
-^OfiiBJSfiZnOM5r7rB30 5<k, -t<D±iCJ£ 
fiSftfc/fS 1 /zmCDnM (Ga K-^ : 1 x 1 0 18 c 

m- 3 ) iftajssezno«i6an3 1 1 *©±jc»j« 

£ftjf £ 1 0 0 nmCON K - ^(D p S©iSfflJiJEfi Z n O 
i£*£HJf 3 1 5 
[0 0 6 9 ] ±IE<£>nMZ nOJf 3 1 US, ilIS3 

2 i i3>^^ hsnws e 

[0 07 0] nIZn om&J&fStfr Ztc&lClZ. Ga© 

[0 07 1 ] N K-^©pMZnOJB3 1 5 ttgtttCjJO 
XStlTl^o J^CCj^3ftfcp32ZnOJB3 1 5 

Wit«S i J N 4 ^6ft5*fi3»H3 1 8CCj:t)aH3 
ft£ D p!ZnO!3 1 5©±SP«BBCC5i, mtfB&n 
^HP#»6*§i3 1 8^IIltM^n^ 

[0 0 7 2 ] pfZnOI3 1 5 (DiffiJiagPi^C, y 

>^^2ii3 2 5^M$n^o y>y«o»2 

S&i, *©Tffi©^«c<ife-»P* J pSZnOi3 1 

5 ©±BBSffio«2» t & . y > yttom 2 
2 3 5<D&jjfa9tt<Dgm^ mmm3 1 8±tc^o± 

[0 07 3] ±IE<Dflii6K:fcl>T. $lSg321(C» 
U^2m©CC^'^XCDmJI^£nJn*r4<h, p-njg^tc 
JiR^fSlSSS^SKn^o p§2ZnO/13 1 5*icaAan 
tc'J>$k*+ VT (m*) t p^ZnOi!3 1 5tp<D&& 
*+*JT (jE?L) 4^|4(0S}^^t^ o g^ilE 
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[0074] ±fa©»fpK«fc 9 , l e d© v > ytK©f& 

2H®2 3 5©PSP#>6 > m«libtf!j3 70n 

[ 0 0 7 5 ] ft, #HM©JfcefC*sC>T«:. pMZn O 
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